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(54) Oximeters 

nanometers, determining the nanometre speciiic ^°5°!P"°" ... q' gen saturation percentage. The 

specific absorption characteristic from the l<nown phys.olog cal endpoints the actual °^5^<'^^^^^ ^ 

indwelling catheter. The wavelength range used comprises the Soret spectrum. 
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131891 

OXIMETERS 

This invention relates to oximeters, devices to measure the 

oxygen saturation of blood. 

Such devices have great value to medical practitioners in 
providing an indication of the oxygenation of the blood of a 
05 patient. Present devices, while of substantial assistance can 
be adversely affected by many sources of error because of th 
assumptions that are made in Interpreting the results of the 

measurement tcchnlciges. 

Many present devices, generally known as pulse oximeters, use 

,0 raoiation at t-o or more wavelengths, one ,n tKe re. region 
(650 to 750 nanometers) and another in the infra-red r on 
<above 750 nanometers). The measurements of detected ransmitte 
or reflected Intensities are compared on the basis of the 
Lambert-Beers transmlttance law to estimate oxygen saturation. 

,5 such comparative measurements are prone to error for various 
reasons:- 

1. Changes in the optical properties of skin with time, 
ii Beers Law not always obeyed. 

,11 unknown and variable blood content In the light path. 
20 IV. unknown mixture of arterial and venous blood in 

the light path. 

V. Poor peripheral circulation. 

v1. Effects due to multiple scatter. 

vii. Abnormal blood pH. 
51; vill. Movement artefacts. 

U. Hon-monochromacity and stability of (LED) light sources. 

X. Errors in hypoxia. 
x1. Location limitation, 
xli. Ambient light and infra-red radiation. 
30 xlii. Other haemoglobin derivatives e.g. fetal haemoglobin 

methaemoglobi n . car boxyhaemogl obi n . 
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HMl. acceptable corrections can be mi. for tbese sources of 
error such corrections ad. to cost an. co^.exU, and overall 
r u an adverse effect on the utility of the measurement. 

, vaHor specific proposals have been .ade to determine 
Also variou v Respiration Physiology. 

OS — in concent^^^^^^^^^ 

: -3 'uses a containing a blood sa.ple fll. and controls 
oxy n tension around the blood f^. Two Is r 

the oxygen conventional way. but Instead of the 

rr: ; : red^ wave^ngths one 0. the two Soret 

" IbtL peaK wavelengths and an adjacent -^-st^^ -e^^^^^^^^^^ 

are used to give the basis for the conventional rat ometr c 
. nr A 3615973 shows a technique for measuring the 

.easument. J ...^out distinguishing whether 

haemoglobin concentration. without y 
15 oxyhaemoglobin or reduced haenn^globin was originally present 
15 oxynaemog possible is converted to oxyhaemoglobin by 

much haemoglobin as possiDie converted 

...fficlent oxygen and the concentration of this convert 

, :r,rrs"e.mpUf,ed°:;:':ec1f1c fo™ stated to be suitable 

0 t e determination of the o„5en saturation 
for continuous spectrum lnht 

;r,,r r,-.. .«» »• 

,We information about oxygen saturation of blood by be, g 
accurately Indicative of the transmission wavelength. 

1 ^-hc for the Dhotodetectors are given. me 
specific wavelengths for the pno significant 
35 quotient of the two photodetector outputs is the 
signal from the essentially comparative technique. 
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Comparison of output signals to produce a potentially useful 
value is the basis of all the above techniques which can suffer 
from various defects as set out earlier. 

It Is an object of the present Invention to avoid these 
adverse effects by applying a fundamental measurement technique. 

According to one aspect of the invention there is provided a 
method of measuring the oxygen saturation of blood of a subject 
including examining the absorption characteristic of said blood 
on a nanometric basis over a wavelength range within the range of 
10 350 to 600 nanometers, determining the nanometric specific 
absorption characteristic and directly from the wavelength shift 
of said specific absorption characteristic from the known 
pysylological endpolnts the actual oxygen saturation percentage. 

The method may Include directing the light along blood 
„,easurement and reference paths, selecting the light from said 
paths in turn, and applying the selected light to an optical 
detector. The blood may be in the subject or as a sample. 

The method may Include varying the wavelengh of the light on 
a nanometric basis or illuminating the blood with a band of 
wavelengths of light, dispersing the light from the Illuminated 
blood as a spectrum and examining the spectrum for said 
wavelength shift of said characteristic. 

According to another aspect of the invention there is 
provided an oximeter Including means to provide light in a band 
of wavelengths at least over a range lying within 350 to 600 
nanometers, means to apply said light to a blood measurement 
path, means to disperse light received from said path as a 
spectrum and means to detect light of said spectrum to determine 
the specific absorption characteristic of the blood measurement 
path and means to Indicate from the nanonietric shift of said 
characteristic the oxygen saturation of tlood In said blood 
measurement path. 
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According to yet another aspect of the invention there is 
provided an oximeter including means to provide light of a 
wavelength nanometrically controllably variable within a range 
between 350 to 600 nanometers, means to apply said light of 
controllably variable wavelength to a blood measurement path, 
means to detect light received from said path and determine the 
specific absorption characteristic of the blood measurement path 
and means to indicate from the nanometric wavelength shift of 
said characteristic the oxygen saturation of blood in said blood 

measurement path. 

The light may be applied over distinct paths in turn to said 
detector or examined in any convenient way to provide absorption 
wavelength information. 

The oximeter may include means to apply said light to a blood 
measurement path and to a reference path not Including blood for 
measurement and means to apply light from said paths in turn to 
said means to detect light for comparative detection. The means 
to apply light in turn may include a mechanical or other light 
beam chopper. The oximeter may include a light source of known 
intensity/wavelength characteristic to avoid the need for 

comparative detection. 

The technique uses the direct relation of the wavelength 
shift of the absorption peak of the Soret spectrum with oxygen 
saturation percentage change. 

In a preferred arrangement according to the invention the 
absorption wavelength is determined by the method of tangents 
applied to the absorption characteristic in one of the ranges 
between known physiological endpoints 400 to 450. 465 to 520 and 
530 to 600 nanometers and more specifically 410 to 440. 470 to 
515 and 540 to 570 nanometers respectively. 

conveniently the method of tangents, or other appropriate 
analysis of the absorption spectrum. Is carried out in a 
microprocessor. While ratiometric techniques may be more 
convenient for some uses absolute measurement is possible given 
sufficient stability of wavelength Information. 
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in a further preferred arrangement the wavelength range 400 
to 600 nanometers Is used to assist In measurements through a 
fingernail. Optical fibres may be used to apply ^^^^^^^o blood 
through the fingernail and receive light back from said blood 

The arrangement may Include a probe to enable measurement in 
a subject including means to Introduce optical fibres ends o 
which respectively emit light to blood In the subject and receive 

light from said blood. , . 

It is noted mt o.,5en,ttd blood U aho kno.. a 
o«yhae.»5lob.n. HbO^. and blood with .0 oxygen as reduced 

haemoglobin, Hb. ^^iw^a uUh 

Embodiments of the Invention .11. no. be described «>th 

reference to the accompanying drawings In wh.ch: 

,„res la. lb sbo- the accepted characteristic of variation 
of the light absorbance of blood with wavelength for oxygen 
saturation at 10« and «, and .in detail enlargements, parts of 
the Characteristic of relevance in understanding the «^ 
Figure 2 shows in block schematic form an oximeter according 

, " ";::rT:nd . snows graphs useful in understanding the 

'"''ZrJl and 5 show arrangements for applying an oximeter 
accord Inq to the Invention to a patient. 

n ore Z Shows In blocK schematic outline the elements 0 an 
oximeter to measure oxygen saturation of blood when the blood is 

available as a sample. 

Light from a source 10 such as a quartz-halogen lamp 1 
supplied to a scanning monochromtor 11. such as a 

r'o! the supplier ptr optics of ^''^ ^^r^J^' J^^^ 
30 monochromator should be operable to produce light output to 

. 4„ *ho ranae 350 to 600 nanometers or 
nanometric accuracies in the range Jsu . 
selected parts thereof and this can be achieved by incorpor ting 
n th .nochromator an optical grating with the effic ency 
.aximlsed over the range 330 to 600 nanometers, or appropriate 
35 parts. 
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The supply to the lamp Is stabilised and the law and 
^nochrcator together provide a source of = 
radiation whose bandwidth is defined by the physical parameters 
of the «.nochron«tor. A bandwidth less than 4 nanometers and 
05 preferably less than one nanometer Is suitable, although a 
bandwidth less than 0.5 nanometer .ay be desirable ,n some 
cases. The monochromator has a control connection 12. 

The nano»etrlc light from the monochromator U -s appl.ed o 
a first beam splitter 21 which provides two output beams one 7 
,0 as a reference the other 28 for application to a sample n ho der 
22 Kirrors 23, 24 conveniently return the reference output to a 
further beam splitter 25 acting to bring into a common path the 

through the sample holder 22. A beam chopper 26 >s 
,5 chop the beams synchronously so that phase sensitive detection 

can be used. ^ ii^u*. 

An optical detector 31 detects the intensity of the 11 
emerging from the beam splitter in the common path and he 
Ttector output Is supplied via a lock-In amplifier 32, coup ed 
20 by connection 33 to the beam chopper 26, to a microprocessor 34^ 
The microprocessor Is connected to the scanning monochromator by 

two-way connection 12. ^ ^ 

Alternatively an ultra-stable optical source can be used to 
avoid the need for a reference channel and an optical chopper to 
25 produce It. The radiation characteristic of the source ,s store 
within the microprocessor memory and Is used to compensate the 

measurements. i, ^nri fho 

By correlating the operation of the monochromator 11 and the 
output of the detector 31 the wavelength at which the absorption 
30 of a sample in holder 22 Is at a maximum or a minimum can be 

determined. 
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Another embodiment of the invention will now be described by 
reference to modifications to the Figure 2 arrangement. In 
Figure 2 omit Items 11 and 34 and replace Item 31 with a 
dispersive device such as a prism or a diffraction grating and a 
05 linear detector in the form of a charge coupled device to respon 
to the spectrum produced by the dispersive device. An optional 
band pass filter may replace item 11. Operation is as fol ows. 
Light from source 10, the quartz-halogen lamp. 1s supplied, 
through the optional band pass filter if used, to a first beam 

10 splitter 21 which provides two output beams. ^7 as a 

reference the other 28 for application to a sample in holder 22. 
Mirrors 23.34 conveniently return the reference output to a 
further beam splitter 25 acting to bring into a common path the 
reference 27 and beam 29 of the light of beam 28 which passed 

15 through the sample holder 22. A beam chopper 26 is ^-^"^^'^ 
chop the beams synchronously so that phase sensitive detection 
can be used. 

Light emerging from the beam splitter in the common path 1 
incident on the dispersive device and emerges as a opt cal 
20 spectrum alternately related to the material in the sample ho der 
and to the reference beam. The spectrum so formed is arranged to 
fall onto the elements of the charge coupled device (CCD) array 
with the bluest wavelength at the first element and the reddest 
wavelength at the last element (or vice-versa). The CCD Is 
25 scanned from the first element to the last element to collect 
information about the optical spectrum. This scanning s 
conveniently performed under the control of a microprocessor via 
a suitable circuit link and the element information is returned 
to the microprocessor via another circuit llnK. The whole 
30 procedure Is synchronised by the microprocessor to the beam 
chopper 26 via link 33 in order to produce sample and reference 
spectra information. 
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*uer„at,ve„. as b.for». an uUra-stab.e optica. sc.r« ca^ 
,e u«d to avoid the need for a reference channel and an optKal 

0 I produce H. The radiation characteristic of t 
source IS stored -Ithln the microprocessor memory and ,s used to 

05 compensate the measurements. 

Algorithms .ithln the microprocessor provide me»ns for the 
dete nation of the specific ahsorhtlon wavelength of the s 
,„ the sample holder ZZ for the shift of the ^''"'\^ 
Characteristic in the range of the Known ph, si o.o, po nt • 
,„ It has been found, as shown in Figure 3, 

satu tion of blood is related to the wavelength of pe 
0 ion in the Sorlt region range, 400 to 450 nanometers 
'n the insert to figure 1 there are distinct peaks of the 
rption Characteristics at 0. and 100. oxygen «turat,™^^ 

r,f these distinct peaks produces an identifiable 
" n a tlon wnn oxy,en saturation. According,, from 

h d t'm nation Of absorption peak In this range the oxyge 
t„ration can be assessed and Indicated by a 
easurement of a sample. The graph "'^ \ 
20 particular method of determining the peak and thence » 

turatlon percentage which has been found be "„ eni n^ 
Clearly other graphs may relate to other methods but such 
' a tons do not go beyond the scope of the invention. The 

1 0 employed Is the method of tangents where the tangents o 
25 the point o inflection of the absorption characteristic on h 
25 tne pomii indicate by their 

side of the absorption peak are useo 

intersection the wavelength for the peak. Thus the peak need 
nt be the peak in visual terms but is a repeatably determinable 

r^z r5.:^:nr ernarorfh:: 

^» :rr":.s^:tr:. o::::rin the characteristics a. 
herefore the abUlt, to provide the 7" °;; 

.sorption With saturation as ^ -^-^ -^.^^rU 
Shows a graph similar to Figure 3 but for tne 


35 to 500 nanometres. 
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The techniques for securing and handling the sample are 
well-known and should be applied. A removable optical cuvette 
can be used for a static sample while a column can be used for 
the continuous flow of a sample. 
05 In the arrangement described so far the light is passed 
through a sample in a holder, i.e. an in yiire technique. Fcr 
medical use it is convenient to avoid the need to take a sample 
from a patient, that Is techniques known respectively as 

non-Invasive and in Jiivfi- 

Figure 4 shows In outline apparatus by which the arrangement 
of Figure 2 can be coupled to a patient without penetration of 
the skin. The apparatus in Figure 4 replaces the optical chamber 
22 of Figure 2. Light from beam 28 is directed by a mirror 41 
along a fibre optic 43. A holder 45 is arranged to position 
fibre optic 43 over a finger or toe nail essentially normal 
thereto to direct light beam 48 through the nail. A further 
fibre optic 44 is positioned by holder 45 to collect light from 
fibre optic 43 reflected, as Indicated generally at 49. from the 
capllliary bed. Light collected by fibre optic 44 is directed by 
mirror 42 towards the beam chopper 26 and thence to the rest of 
the Figure 2 arrangement. 

Figure 5 shows in outline apparatus by which the arrangement 
of Figure 2 can be coupled to a patient and applied to a vein, 
artery or organ by puncture. In place of the fibre optics and 
25 holder (43. 44. 45) of Figure 4 is a structure 51. like a 
hypodermic needle or indwelling flexible catheter, which houses 
two fibre optics 52. 53. Generally the structure 51 is arranged 
to puncture the skin and take the output and Input ends of fibres 
52. 53 to the region of interest. Light 58 emerging from fibre 
optic 52 returns from the area of interest as light 59 for 
collection by fibre optic 53. Elements 28. 41 . 42 and 26 are as 
described above. 
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The general techniques for the above devices will be readily 
apparent to those skilled in the art and will not be described 

further. ^ .r , ii« 

AS mentioned above microprocessor control is used. Typically 

05 arrangement and operation Is as follows. 

The instrument is run under microprocessor control. The 
scanning monochromator is driven by a stepper motor and gearbox 
assembly. The microprocessor monitors the position of the 
grating, and hence the wavelength of light produced, and 

,0 correlates this information with the digitised signal obtained 
from the optical detector. All this information is then stored 
as a bit pattern in a random access memory (RAM). There can be a 
digitised scan of the optical detector output searching for a 

peak (raaximum or minimum). 
,5 The mathematical operation, already described, to establish 

the wavelength of peak absorption (maximum or minimum) is 
contained within the software of the microprocessor.. Data 
relating to the spectral calibration characteristics of the blood 
is stored in memory within the instrument. Hhen the calculations 
20 on the sample have been completed the peak wavelength value is 
then used as a pointer in a look-up table to establish the oxygen 
saturation of the sample. Using a variety of calibration 
parameters stored in a look-up table allows the Instrument to be 
flexible so that depending on the clinical situation the most 
25 appropriate characteristic or group of characteristics can be 
chosen to produce statistically the best reading for oxygen 
saturation. Furthermore the availability of several regions 
where oxygen saturation can be measured permits cross-checks and 
possible improvements in accuracy. 
30 optical reference points are provided within the 
monochromator scanning system by inclusion of one or more 
standard wavelength sources. These allow the microprocessor to 
calibrate the monochromator. 
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l„ nrlKCtpU. this instrument n»y incorporate measurement 
cucuus. sensors and aljorlthms based on extstin, technology to 
^asure other parameters In the sample such as pH, pCO^ and ot er 
Ta Iglob.n derivatives. This, In addition to the scannln 
.rements outlined above, would lead to a comprehensive instrument 
that could be used as a laboratory standard. 

It is important to note that the improvements provided by the 
present invention result from the direct, fundamental measuremen 
of own saturation possible by measuring the P"^''-;'" » 
.avelength (maximum or minimum) rather than by relyln, on the 
derivative techniques used before. 
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CLAIMS 

1 A method of measuring the oxygen saturation of blood of a 
subject including examining the absorption characteristic of said 
blood on a nanometric basis over a wavelength range within the 
range of 350 to 600 nanometers, determining the nanometric 
specific absorption characteristic and directly from the 
wavelength shift of said specific absorption characteristic from 
the known pysyiological endpoints the actual oxygen saturation 

percentage. u*. 

2 A method according to Claim 1 Including directing the light 
along blood measurement and reference paths, selecting the light 
from said paths In turn, and applying the selected light to an 
optical detector. 

3. A method according to Claim 1 Including providing the blood 
15 in the subject or as a sample. 

4. A method according to Claim 1 Including varying the wavelengh 
of the light on a nanometric basis. 

5 A method according to Claim 1 including illuminating the 
blood with a band of wavelengths of light, dispersing the light 
from the illuminated blood as a spectrum and examining the 
spectrum for said wavelength shift of said characteristic. 

6 An oximeter including means to provide light in a band of 
wavelengths at least over a range lying within 350 to 600 
nanometers, means to apply said light to a blood measurement 
path, means to disperse light received from said path as a 
spectrum and means to detect light of said spectrum to determine 
the specific absorption characteristic of the blood measurement 
path and means to Indicate from the nanometric shift of said 
characteristic the oxygen saturation of blood In said blood 

30 measurement path. 
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7. An oximeter according to Claim 6 In which the light Is 
dispersed by a diffraction grating and detected on a row of 
elements In a charge coupled device. 

8. An oximeter according to Claim 6 in which the range for said 
band of wavelengths is set by a band pass filter. 

9. An oximeter Including means to provide light of a wavelength 
nanoraetrlcally control lably variable within a range lying within 
350 to 600 nanometers, means to apply said light of controllably 
variable wavelength to a blood measurement path, means to detect 
light received from said path and determine the specific 
absorption characteristic of the blood measurement path and means 
to indicate from the nanometric shift of said characteristic the 
oxygen saturation of blood in said blood measurement path. 

10. An oximeter according to Claim 9 In which the light is applied 
over distinct paths in turn to said detector to provide 
absorption wavelength information. 

n.An oximeter according to Claim 9 Including means to apply said 
light to a blood measurement path and to a reference path not 
Including blood for measurement and means to apply light from 
said paths in turn to said means- to detect light for comparative 
detection. 

12. An oximeter according to Claim 11 in which the means to apply 
light in turn include a mechanical or other light beam chopper. 

13. An oximeter according to Claim 9 including a light source of 
known intensity/wavelength characteristic to avoid the need for 
comparative detection. 

14. An oximeter according to Claim 9 including means to apply 
light from said source and direct it in vivo through the blood of 
a subject and means to collect light passed throgh said blood in 
vivo for determination of said wavelength shift. 
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15. A method of measuring the oxygen saturation of the blood of a 
subject from the direct relation of the wavelength shift of the 
absorption peak of the Soret spectrum with oxygen saturation 
percentage change. 

16. A method according to Claim 1 or Claim 15 including 
determining the wavelength of the specifc absorption 
characteristic by the method of tangents applied to the 
absorption characteristic in one of the ranges betwen known 
physiological endpolnts 400 to 450. 465 to 520 and 530 to 600 
nanometers and more specifically 410 to 440. 470 to 515 and 540 
to 570 nanometers respectively. 

17. A method of measuring the oxygen saturation of the blood of a 
subject substantially as herein described with reference to the 
accompanying drawings. 

15 18.An oximeter substantially as herein described with reference 

to the accompanying drawings. 
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